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Description 

The present invention relates to a method of in-mold coating. More particularly, it relates to a method of in-mold 
coating comprising steps of injecting a melt of a thermoplastic resin molding material into a mold cavity, followed by 
s molding, then injecting a coating composition between the molded product and the inner wall of the mold, followed by 
curing the coating composition, and then withdrawing the coated molded product from the mold. 

In various fields including the automobile field, coating for molded products of thermoplastic resins is required to 
satisfy ornamental requirements as well as the durability such as weather resistance. It has been common that a 
molded product of a thermoplastic resin is formed in a mold, then the molded product is taken out from the mold, and 
10 then coating is applied on the surface of the molded product by a coating process such as surface treatment, primer 
coating, top coating, etc. 

However, such a coating process requires cumbersome steps and requires large amounts of costs for installations 
and man powers for coating. As methods for solving such a problem, a number of in-mold coating methods have been 
employed mainly for primer coating in compression molding methods or injection molding methods employing molding 
75 materials of thermosetting resin type such as SMC (sheet molding compound) and BMC (bulk molding compound) (e.g. 
U.S. Patents 4,076.788, 4.081,578, 4,331,735, 4,366,109 and 4,668.460). 

However, when an in-mold coating method is applied to a combination of a conventional thermoplastic resin mold- 
ing material and an in-mold coating composition, the adhesion between the molding material and the coating composi- 
tion is usually weak. Accordingly, in order to attain the adhesion of a desired level, it has been common to add a filler or 
20 a thermoplastic polymer to the in-mold coating composition, or to use as a vehicle component an epoxy acrylate oli- 
gomer which has no adequate weather resistance. However, by such a method, there has been a problem such that the 
appearance of the coating film, such as gloss, or the durability such as weather resistance, tends to be poor, and the 
adhesion has also not necessarily been adequate. 

It is an object of the present invention to provide a method of in-mold coating, which is capable of forming a single 
in-mold coating film which has sufficient durability with respect to e.g. adhesion, appearance and weather resistance 
and which has a function as a top coating applicable to exterior plates of automobiles or outdoor applications such as 

exterior parts. m ■ . , . 

The present inventors have conducted extensive studies to attain the above object and as a result, have found it 
possible to improve the adhesion with the thermoplastic resin molding material by incorporating a certain specific vehi- 
cle component and a polyisocyanate compound to the in-mold coating composition. The present invention has been 
accomplished on the basis of this discovery. . 

That is. the present invention provides a method of in-mold coating, comprising steps of injecting a melt of a ther- 
moplastic resin molding material into a cavity of a mold, followed by molding, to form a molded product, then injecting 
a coating composition between the molded product and the inner wall of the mold, followed by curing the coating com- 
35 position, to form a coated molded product and withdrawing the coated molded product from the mold, wherein said 
coating composition comprises: 

(A) a vehicle component comprising (i) a urethane acrylate oligomer or a urethane methacrylate oligomer, which is 
a reaction product containing no substantial unreacted isocyanate groups, of (a) an organic polyisocyanate, (b) an 
40 organic polyol and (c) a hydroxyalkyl acrylate or a hydroxyalkyl methacrylate. and (ii) a polymerizable unsaturated 
monomer, (B) a polyisocyanate compound, and 
(C) a polymerization initiator. 

Now, the present invention will be described in detail. 

45 In carrying out the present invention, the various steps of injecting a melt of a thermoplastic resin molding material 
into a mold cavity formed in a mold comprising a fixed mold half and a movable mold half, followed by molding, then 
injecting a coating composition between the molded product and the inner wall of the mold after the molded product has 
solidified to such an extent that the configuration will not be impaired when the coating composition is injected, followed 
by curing the coating composition, and then withdrawing the coated molded product from the mold, can be carried out 

so by conventional methods, and the mold behavior immediately prior to or immediately after the injection of the coating 
composition, the in-mold pressure by the molded product and the pressure for injection of the coating composition are 
not particularly limited. For example, the present invention is applicable to all of conventional methods such as a method 
wherein a space is formed between the surface of the molded product to be coated and the inner wall of the mold by 
parting the fixed mold half and the movable mold half while maintaining them in a closed state, and then the coating 

55 composition is injected into the space, as disclosed in Japanese Examined Patent Publication No. 9292/1980, a method 
wherein the coating composition is injected with a pressure substantially exceeding the in-mold pressure created 
between the moid and the molded product, as disclosed Japanese Examined Patent Publication No. 33252/1992, and 
a method wherein a space is formed between the surface of the molded product to be coated and the inner wall of the 
mold due to a shrinkage of the molded product, and then the coating composition is injected into the space, as dis- 
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4,8-bis(hydroxymethyl)tricyclo{5.2.1 .0 2 - 6 }decane, 2,2-bis(4-hydroxycyclohexyl)propane, 2,2-diethylpropane-1 ,3-diol. 
2,2-dimethylpropane-1.3-diol, 3-methylpentane-1,4-diol, 2,2-diethylbutane-1 ,3-diol. 4,5-nonanediol or 2-butene-1 .4- 
diol. . 

The polyetherdiol may be the one prepared by polymerization of an aldehyde, an alkylene oxide or a glycol by a 
known method. For example, a polyetherdiol obtained by addition-polymerizing e.g. formaldehyde, ethylene oxide, pro- 
pylene oxide, tetramethylene oxide or epichlorohydrin with an alkyldiol under a suitable condition, may. for example, be 
used. 

The polyesterdiol may, for example, be an esterification reaction product obtained by reacting a saturated or 
unsaturated dicarboxylic acid and/or an acid anhydride thereof with an excess amount of an alkyldiol. or an esterifica- 
tion reaction product obtained by polymerizing an alkyldiol with a hydroxycarboxylic acid and/or a lactone as its internal 
ester and/or a lactide as an intermolecule ester thereof, may, for example, be employed. The saturated or unsaturated 
dicarboxylic acid may. for example, be oxalic acid, malonic acid, succinic acid, methylsuccinic acid, 2.3-dimethylsuccinic 
acid, hexylsuccinic acid, glutaric acid, 2.2-dimethylglutaric acid, 3.3-dimethylglutaric acid. 3,3-diethylglutaric acid, adipic 
acid! pimelic acid, suberic acid, azalein acid, sebacic acid, 1 ,2-cyclohexanedicarboxyIic acid. 1 ,3-cyclohexanedicarbo- 
xylic acid, 1 ,4-cyclohexanedicarboxylic acid, 1,1-cyclobutanedicarboxylic acid, phthalic acid, isophthalic acid, tereph- 
thalic acid, tetrachlorophthalic acid, maleic acid, fumaric acid, aconitic acid, itaconic acid, citraconic acid, mesaconic 
acid, muconic acid, dihydromuconic acid, and halogen derivatives and alkyl derivatives of these acids. The hydroxycar- 
boxylic acid may, for example, be lactic acid, gluconic acid, a-hydroxybutyric acid, p-hydroxybutyric acid, ct-hydrox- 
yisobutyric acid, hydroxystearic acid, resioleic acid or y-hydroxyvaleric acid. 

The above mentioned organic diol compounds may be used alone or in combination as a mixture of two or more of 
them. 

The hydroxyalkyl (meth) aery late to be used for the preparation of the urethane (meth)acrylate may, for example, be 
2-hydroxylethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate. 4-hydroxylbutyl (meth)acrylate, 3-chloro-2-hydroxypro- 
pyl (meth)acrylate, 3-bromo-2-hydroxypropyl (meth)acrylate. 2-chloro-1-(hydroxymethyl) ethyl (meth)acrylate. or 2- 
bromo-1 -(hydroxy methyl) ethyl (meth)acrylate. 

The urethane (meth)acrylate to be used in the present invention is the one having a structure represented by the 
above formula (I) obtainable by reacting the polyisocyanate compound, the organic polyol compound and the hydroxy- 
alkyl (meth)acrylate, as described above. 

In the present invention, with a view to improving the weather resistance of the resulting coating film, it is preferred 
to let at least one of Ri and R 2 in the above formula (I) have an aliphatic cyclic structure by using a compound having 
an aliphatic cyclic structure as at least one of the above mentioned diisocyanate compound and the organic diol com- 
pound. Further, it is preferred that m in the above formula (I) is an integer of from 1 to 1 0. since the resulting coating film 
will be excellent in the curing property and toughness. 

Typical examples of the polymerizable unsaturated monomer in the vehicle component to be used in the present 
invention, include (meth)acrylate monomers such as methyl (meth)acrylate. ethyl (meth)acrylate. propyl (meth)acrylate. 
butyl (meth)acrylate, t-butyl (meth)acrylate. 2-ethylhexyl (meth)acrylate. n-nonyl (meth)acrylate. cyclohexyl (meth)acr- 
ylate. benzyl (meth)acrylate, dicyclopental (meth)acrylate, 2-dicyclopentenoxyethyl (meth)acrylate. methoxyethyl 
(meth)acrylate, ethoxyethyl (meth)acrylate. butoxyethyl (meth)acrylate, methoxyethoxyethyl (meth)acrylate, ethox- 
yethoxyethyl (meth)acrylate. tetrahydrofurfuryl (meth)acrylate, 2-hydroxylethyl (meth)acrylate. 2-hydroxypropyl 
(meth)acrylate. 4-hydroxybutyl (meth)acrylate, (meth)acrylic acid and (meth)acryloylmorpholine. vinyl monomers such 
asstyrene, vinyl toluene, N-vinyl-2-pyrrolidone. N-vinylimidazole. N-vinylcaprolactum. allyl acetate, vinyl acetate, vinyl 
propionate and vinyl benzoate. and polyfunctional (meth)acrylates such as trimethyolpropane tri(meth)acrylate, pen- 
taerythritol tetra(meth)acrylate. triallyl cyanurate, triallyl isocyanurate, triallyl formal, 1 ,3.5-triacryloylhexahydro-S-tri- 
azin, polypropylene glycol di(meth)acrylate and polyethylene glycol di(meth)acrylate. 

The polyisocyanate compound to be used in the present invention is a polyisocyanate commonly used for coating 
materials. For example, an isocyanate single substance such as toluene diisocyanate (TDI), 4,4 , -diphenylmethane 
diisocyanate (MDI). xylene diisocyanate (XDI). hexamethylene diisocyanate (HMDl), lysine diisocyanate (LDI), 2-isocy- 
anatoethyl-2.6-diisocyanatocaproate (LTI), isophorone diisocyamate (IPDI), trimethylhexamethylene diisocyanate 
(TMDI), hydrogenated xylene diisocyanate (H6XDI), or 4,4 , -diphenylmethane diisocyanate (H12MDI), or a prepolymer 
such as a burette type, an adductor type or isocyanurate type, may be used. From the viewpoint of weather resistance, 
it is preferred to use an aliphatic polyisocyanate. 

The polymerization initiator to be used in the present invention may be a known peroxide which is used for conven- 
tional thermosetting resin molding materials, thermosetting in-mold coating compositions or resin synthesis. For exam- 
ple, tert-butyl peroxybenzoate. tert-butyl-2-ethyl hexanoate and tert-butyl peroxyisopropyl carbonate which are 
frequently used for the in-mold coating compositions, may be mentioned as typical polymerization initiators. Other var- 
ious peroxides such as ketone peroxides, diacyl peroxides, hydroperoxides, dialkyl peroxides, alkyl peresters. percar- 
bonates and peroxiketals, may also be used as polymerizartion initiators. 

The coating composition to be used in the present invention may contain a filler. As such a filler, all of organic and 
inorganic extenders and pigments which are commonly used for coating, may be employed except for extenders or 
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These resins may be partially modified or may be combined with a compatibilizing agent, in order to improve the com- 
patibility or dispersibility. 

The thermoplastic polyester resin is not particularly limited, and it may, for example, be a conventional resin obtain- 
able from a polyhydric alcohol and a polybasic acid. The polyhydric alcohol component may, for example, be ethylene 

s glycol, 1,2-propylene glycol, 1 ,3-propanediol. 2,2-dimethyM ,3-propanediol, trans- or cis-2,2 , ,4,4 , -tetramethyl-1,3- 
cyclobutanediol. 1,4-butanediol, neopentylglycol, 1,5-pentanedioi, 1.6-hexanediol, decamethylene glycol, p-xylenediol, 
bisphenol A, tetrabromobisphenol A, 1.4-cyclohexanedimethanol or 1,3-cyclohexanedimethanol. These polyhydric 
component may be used alone or in combination as a mixture of two or more of them. 

The polybasic acid component may, for example, be terephtharic acid, isophtharic acid, orthophtharic acid, 2-chlo- 

io roterephtharic acid. 2,5-dichloroterephtharic acid, 2-methylterephtharic acid, 4,4'-stiIbenzyl dicarboxyric acid, 4,4*- 
bisphenyl dicarboxylic acid, 2,6-naphthalene dicarboxylic acid, bisbenzoic acid bis(p-carboxyphenyl)methane, anthra- 
cene dicarboxylic acid, 4,4 , -diphenyI ether dicarboxyric acid, 4,4-diphenoxyethane dicarboxylic acid, adipic acid, 
sebacic acid, azelaic acid, 1,3-cycIohexane dicarboxylic acid, 1 ,4-cycIohexane dicarboxylic acid, or an acid anhydride 
of such an acid. These polybasic acid components may be used alone or in combination as a mixture of two or more of 

is them. 

A thermoplastic polyester obtainable by the reaction of such a polyhydric alcohol with a polybasic acid, may be 
mentioned as a typical example. Further, there may be mentioned a polyester resin obtainable by polycondensation of 
a hydroxy acid or its derivative, or by ring opening polymerization of a cyclic ester, or a mixture of such a resin with the 
above mentioned polyester resin, or a modified resin of such a polyester resin. 

20 The thermoplastic polyester resin type alloy material is not particularly limited, and it may. for example, be a poly- 
mer alloy comprising from 5 to 95 wt% of the above polyester resin and from 95 to 5 wt% of one or more of the following 
resins. Such resins may, for example, be a crystalline polyolefin resin such as polyethylene, polypropylene, polymethyl- 
pentene, an ethylene-vinyl acetate copolymer or ionomer; a crystalline common resin such as polyvinyl alcohol, polyvi- 
nyl butyral or polyvinyl formal: a crystalline engineering plastic such as polyamide, polyacetal, polyphenylene sulfide or 

25 polyether ether ketone; other crystalline resin such as a fluorine resin or acetyl cellulose; an amorphous common resin 
such as polyvinyl chloride, poiyvinylidene chloride, polyvinylacetate, an AS resin, an ABS resin, an AS resin, an ASA 
resin, an ACS resin or a methacryl resin; an amorphous engineering plastic such as polycarbonate, polyphenylene 
ether, polyimide, polyamidoimide, polyacrylate. polysulfone. poiyethersulfone or polyether imide; other amorphous resin 
such as polystyrene, ionomer or a thermoplastic elastomer; or a thermosetting resin such as polyurethane resin, an 

30 unsaturated polyester resin, an epoxy resin or a phenol resin. These resins may be partially modified or may be com- 
bined with a compatibilizing agent, to improve the compatibility or the dispersibility. 

The thermoplastic resin molding material to be used in the present invention, such as the polyamide resin, the 
polyamide resin type alloy, the polyester resin or the polyester resin type alloy, may contain an ultraviolet absorber, an 
antioxidant, a nucleating agent, a nucleating additive, a release agent, an antistatic agent, a colorant, aflame retardant, 

35 a stabilizer, a plasticizer, a blowing agent, a fiber filler such as a reinforcing glass fiber or an inorganic filler, to satisfy 
the properties, as the case requires. 

In the present invention, it is preferred that the thermoplastic resin molding material contains a resin having func- 
tional groups, preferably carboxyl groups or hydroxyl groups, reactive with isocyanate groups of the polyisocyanate 
compound. With the thermoplastic resin molding material containing such a functional group-containing resin, the 

40 adhesion at the coating interface between the thermoplastic resin molding material and the in-mold coating composition 
will further be strengthened by the reaction of such functional groups with the polyisocyanate compound. Such func- 
tional groups of a functional group-containing resin may be those present in the resin from the beginning, i.e. they may 
be functional groups of the resin having e.g. carboxyl groups or hydroxyl groups. Otherwise, they may be those formed 
by the reaction during the melt kneading of the thermoplastic resin molding material, i.e. they may be functional groups 

45 generated by the reaction with the functional groups in the thermoplastic resin molding material, such as hydroxyl 
groups which may be generated by the reaction of the terminal amino groups of a polyamide resin with glycidyl groups. 

In the present invention, the functional groups reactive with isocyanate groups of the polyisocyanate compound 
may be functional groups contained in the main component of the thermoplastic resin molding material, such as the 
polyamide resin, the polyamide resin type alloy, the polyester resin or the polyester resin type alloy, i.e. they may be 

so amide groups in the backbone structure of the resin, or the terminal amino groups, carboxyl groups, or hydroxyl groups. 
The resin having functional groups reactive with isocyanate groups of the polyisocyanate compound, or the resin 
capable of forming such functional groups by the reaction during the melt kneading of the thermoplastic resin molding 
material, may. for example, be a thermoplastic resin obtained by esterifying a styrene/maleic anhydride copolymer con- 
taining a partially esterif ied carboxyl groups of maleic anhydride, with the copolymerization ratio of the styrene to maleic 

55 anhydride being from 1 :1 to 3:1 in the equivalent ratio and having a molecular weight of from 1.000 to 2.000. with from 
35 to 75% of an alkyl alcohol; an ethylene/methacrylic acid copolymer having a methacrylic acid content of from 1 to 30 
wt%; a thermoplastic resin which is a vinyl ester resin of bisphenol A type containing hydroxyl groups and having a 
molecular weight of from 1 ,000 to 2.000; an ethylene/vinyl alcohol copolymer containing hydroxyl groups; a butyral resin 
having a butyral-modified degree of from 10 to 81.6 mol%, containing of hydroxyl groups; a thermoplastic acrylic resin 
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Table 1 



Components 


Example 1 


Example 2 


Comparative 
Example 1 


Comparative 
Example 2 


Urethane acrylate oli- 
gomer UA1 


40.0 


- 


40.0 


- 


Urethane acrylate oli- 
gomer UA2 




38.0 




38.0 


Styrene monomer 


10.0 


12.0 


10.0 


12.0 


Zinc stearate 


1.45 


1.3 


1.45 


1.3 


Titanium oxide 


48.0 


48.0 


48.0 


48.0 


t- Butyl catechol 


0.05 


0.1 


0.05 


0.1 


8% cobalt octylate 


0.5 


0.6 


0.5 


0.6 


Total 


100.0 


100.0 


100.0 


100.0 


Aliphatic polyisocyanate 


30*' 


1.0 


0 


0 


t-Butyl peroxybenzoate 


2.0 


2.0 


2.0 


2.0 



In Table 1, urethane acrylate oligomer UA1 is an urethane methacrylate oligomer prepared from 500 parts by 
weight of bis(4-isocyanatophenyl)methane, 1.000 parts by weight of an ethylene oxide adduct (average molecular 
weight: 1.000) of 2.2-bis(4-hydroxylphenyl) and 273 parts by weight of 2-hydroxyethyl methacrylate (molar ratio of 
2:1 :2.1). Urethane acrylate oligomer UA2 is a urethane methacrylate oligomer prepared from 349 parts by weight of 
2,4- and 2.6-toluene diisocyanate, 1 ,000 parts by weight of polypropylene glycol (average molecular weight: 1 .000), and 
233 parts by weight of 2-hydroxyethyl acrylate (molar ratio of 2:1 :2.1). The aliphatic polyisocyanate was hexamethylene 
diisocyanate of a burette type. 

The thermoplastic resin molding material employed was a polyamide resin NOVAMID 1013C, a polyester resin 
(PBT) NOVADUR 501 0R5, or a polyester type alloy material PC/PET alloy lupilon MB21 12, manufactured by Mitsubishi 
Engineering Plastics Company Limited. 

Further, as a modified resin, the following resin was used in an amount of 3 parts by weight per 100 parts by weight 
of the above resin and mixed by means of a melt kneading apparatus to obtain a thermoplastic resin molding material. 

1. SMA2625 having a part of a styrene/maleic acid copolymer resin esterified (hereinafter referred to as SMA2625, 
manufactured by Arco Chemical Company Umited), 

2. An ethylene/methacrylic acid copolymer Nuclei N2060 (hereinafter referred to as N2060, manufactured by Mit- 
sui • Du Pont Polychemica! Company Limited), 

3. A vinylester resin Ripoxy VR60 (hereinafter referred to as VR60, manufactured by Showa High Polymer Co., 
Ltd.), 

4. Pdlyethylene/polyvinyl alcohol copolymer Eval EP-F101 A (hereinafter referred to as EP-F101 A, manufactured by 
Kuraray Co.. Ltd.). 

5. A butyral resin EslecB BL-S (hereinafter referred to as BL-S, manufactured by Sekisui Chemical industry Com- 
pany Limited), 

6. A thermoplastic acryl resin Dianal BR resin BR-77 (hereinafter referred to as BR-77, manufactured by Mitsubishi 
Rayon Company Limited). 

7. An acid modified acryl/polystyrene polymer which is a graft polymer having a comb structure Rezeda GP-400 
(hereinafter referred to as GP-400. manufactured by Toa Gosei Chemical Industries Company Umited). 

8. An epoxy modified polystyrene/polystylene polymer which is graft polymer having a comb structure Rezeda GP- 
500 (hereinafter referred to as GP-500. manufactured by Toa Gosei Chemical Industries Company Umited), 

9. An ethylene/acrylate copolymer having maleic anhydride grafted HPR AR201 (hereinafter referred to as AR201 , 
manufactured by Mitsui • Du Pont Polychemica! Company Umited). 

10. A modified ether-type polyester resin Stafics P-LC (hereinafter referred to as P-LC, manufactured by Fuji Pho- 
tofilm Company Limited), and 

11. An ethylene/glycidyl methacrylate copolymer having polystyrene grafted Modiper A4100 (hereinafter referred 
to as A4100, manufactured by Nipon Oil and Fats Company Umited) 
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Examples 1 and 2 and Comparative Examples 1 and 2 

by !hetj2tton Machine into the mold cavity. The injection molding conditions were as foltows. 



10 Mold temperature: 

Movable mold half: 120°C 
Fixed mold half: 120°C 

1S m thP case wh *rp NIQVAMID 1013C was used 

Injection pressure: 800 kgf/cm 2 
Pressure-maintaining pressure: 400 kgf/cm 
Pressure-maintaining period of time: 10 seconds 

20 m th ft case wh*™ NIOVADU R *nmR5 was used 

Injection pressure: 1.000 kgf/cm 2 
Pressure-maintaining pressure: 600 kgf/cm 
Pressure-maintaining period of time: 10 seconds 

)n thA case wh orp luoilon MB21 12 was used 

Injection pressure: 1 .000 kgf/cm 2 
30 Pressure-maintaining pressure: 500 kgf/cm 



25 



35 



,„ %ZZZ%XSSS£ foK^VADUR S010RS were ueed. ,he ^n, cordon ,*s Nee,* 

^^swt. vl ini^i Wo the space. Further. .he condHions under which the ceatrng eompoe*on wes 
injected, were as follows in each case. 



40 Mold temperature: 



so 



55 



Movable mold half: 120°C 

Fixed mold half: 120°C 

The amount of the coating composition: 3cm 

s'eeoTs After 70 seconds from the injection of the coating composflon. the thermoplas«c re*n 
molded pSct 4s taken out from the mold to obtain a coated molded product havmg an average coating f .lm th,ck- 

neSS ^e foCing properties of such coated molded products were evaluated by the ^'^"9 methods 

Adhesi rZcperty: In accordance with JIS K5400. a 2mm crosscut adhesive tape ped.ng test was earned out (rep- 
r^nted bv the number of crosscut sections remaining unpeeled out of 100 crosscut sections) 

(gloss maintaining ratio (%) = (gloss after 1 .000 hours of SWOMJnitial gloss) x 100 ) 

Color difference: Color difference AE after 1 .000 hours of S WOM . ^chmikk 
WeatheV resistance: Measured by Sunshine Super-long Life Weatherometer. manufactured by Suga Shikenki ^ 
SErt resSS: MEK rubbing test (the coated film surface was wiped 10 times under a force of 500 gf wrth a 

gauzSng a p^Tamount of meiny. ethyl ketone absorbed, whereupon the state of the coatng f ,.m was .nspected). 



9 



EP0733 668 A2 



These results are shown in Tables 2 to 8. 



Table 2 



5 


Adhesive property of in-molded coating by polyamide resin NOVAMID 1013C 




Molding material 


Amount 


Example 1 


Example 2 


Comparative 


Comparative 




base 1013C 


(WTTfej 






CXairipol 1 


cxdmpei ci 




1 


Not added 


0 


1 00/1 00 


on/1 nrt 

yu/ 1 uu 


07 IUU 


U/ 1 UU 


10 








100/100 


or/1 r\n 
ou/1 UU 


U/1UU 


n/i nn 
U71 UU 




2 


SMA2625 


3 


lUU/lUU 


i nn/1 nn 
1 UU/ 1 UU 


U/ IUU 


f\M nn 

Uf IUU 










mo/inn 
I UU/ I uu 


1 nn/1 nn 

1 UU/ I uu 


n/mn 

U/ IUU 


n/i nn 

U/ 1 uu 


15 


3 


N2060 


Q 
O 


inn/inn 

IUU/ IUU 


1 nn/1 no 

1 UU/ 1 uu 


o/mn 

U/ IUU 


n/1 no 

\Ji 1 uu 










100/100 

1 w w/ 1 WW 


100/100 

1 WW/ 1 WW 


0/100 


0/1 00 




4 


VR60 


U 


100/100 


1 00/1 00 

■ ww/ » W W 


0/100 


0/100 










100/100 


100/100 


0/100 


0/100 


20 


5 


EP-F101A 


3 


100/100 


100/100 


0/100 


0/100 










100/100 


100/100 


0/100 


0/100 




6 


BL-S 


3 


100/100 


100/100 


0/100 


0/100 


25 








100/100 


100/100 


0/100 


0/100 




7 


BR-77 


3 


100/100 


100/100 


0/100 


0/100 










100/100 


100/100 


0/100 


0/100 




8 


GP-400 


3 


100/100 


100/100 


0/100 


0/100 


30 








100/100 


100/100 


0/100 


0/100 




9 


GP-500 


3 


100/100 


100/100 


0/100 


0/100 










100/100 


100/100 


0/100 


0/100 


35 


10 


AR201 


3 


100/100 


100/100 


0/100 


0/100 










100/100 


100/100 


0/100 


0/100 




11 


P-LC 


3 


100/100 


100/100 


0/100 


0/100 










100/100 


100/100 


0/100 


0/100 


40 


12 


A4100 


3 


100/100 


100/100 


0/100 


0/100 










100/100 


100/100 


0/100 


0/100 



'Evaluation of adhesive property 

Upper result: Initial evaluation of adhesion 

Lower result: Evaluated after immersion in warm water of 40°C for 240 hours 



50 
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Table 3 



Molding material 
base 5010R5 



Not added 



SMA2625 



N2060 



Amount 
(wt%) 



Example 1 



100/100 
100/100 
100/100 
100/100 
100/100 
100/100 



Example 2 



75/100 

70/100 

100/100 

100/100 

100/100 

100/100 



Comparative 
Exampel 1 



0/100 

0/100 

0/100 

0/100 

0/100 

0/100 



Evaluation of adhesive property 
Upper result: Initial evaluation of adhesion hQurs 
Lower result: Evaluated after immersion in warm water oi 4U o 



Comparative 
Exampel 2 



0/100 

0/100 

0/100 

0/100 

0/100 

0/100 



Table 4 



Adhesive property of in-mold coating 



by polyester resin type alloy (PC/Pfc i resin) lupilon 
MB2112 



Molding material 


base MB2112 




Not added 


2 


SMA2625 


3 


N2060 



Amount 
(wt%) 



Example 1 

100/100 
100/100 
100/100 
100/100 
100/100 
100/100 



CVaiuniiwii «• ■ — - 

Upper result: Initial evaluation of adhesion 
Lower result: Evaluated after immersion in 



Example 2 

100/100 
100/100 
100/100 
100/100 
100/100 
100/100 



Comparative 
Exampel 1 

0/100 

0/100 

0/100 

0/100 

0/100 

0/100 



warm water of 40<>C for 240 hours 



Comparative 
Exampe! 2 

0/100 

0/100 

0/100 

0/100 

0/100 

0/100 
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Table 5 



5 


Coating film properties (60° specular gloss, gloss-maintaining ratio, color difference, solvent resistance) of the in- 
mold containing composition by polyamide resin NOVAMID 1 013C 




Molding material 
base 1013C 


Amount 
(wt%) 


Example 1 


Example 2 


10 






Gloss/Gloss 
-maintain- 
ing ratio 


Color dif- 
ference 


Solvent 
resistance 


Gloss/Gloss- 
maintainina 
ratio 


Color dif- 
ference 


Solvent 

1 C70IOICII IwC 




1 


Not added 




87/70 


1.5 


No change 


87/68 


1.9 


No change 


15 


2 


SMA2625 


3 


87/74 


1.4 


No change 


88/72 


2.0 


No change 




3 


N2060 


3 


89/75 


1.5 


No change 


88/71 


2.1 


No change 




4 


VR60 


3 


86/73 


1.5 


No change 


86/71 


2.0 


No change 


20 


5 


EP-F101A 


3 


88/76 


1.5 


No change 


85/72 


1.9 


No change 


6 


BL-S 


3 


86/77 


1.7 


No change 


87/74 


2.1 


No change 




7 


BR-77 


3 


86/76 


1.4 


No change 


85/72 


2.1 


No change 




8 


GP-400 


3 


88/76 


1.7 ! 


No change 


87/73 


1.9 


No change 


25 


9 


GP-500 


3 


89/74 


1.5 


No change 


88/74 


1.8 


No change 




10 


AR201 


3 


87/77 


1.6 


No change 


88/76 


2.2 


No change 




11 


P-LC 


3 


88/74 


1.6 


No change 


87/74 


2.0 


No change 


30 


12 


A4100 


3 


86/73 


1.5 


No change 


85/70 


2.1 


No change 



35 



40 



45 



50 



55 
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Table 6 



Coating film properties (60° specular gloss, gloss-maintaining ratio, color d 
moid containing composition by polyamide resin NC 


ifference, solvent resistance) of the in- 
)VAMID1013C 


Molding material 
1013C 


Mrnouni 

base (wt%) 


Comparative Example 1 


Comparative Examj 


Die 2 






oioss/oioss 
-maintain- 
ing ratio 


Color dif- j Solvent 
ference j resistance 

j 

3 


Gloss/Gloss j Color dif- 
-maintain- \ ference 
ing ratio 


Solvent 
resistance 


i 


Not added 


- 


87/55 


3.0 


Gloss 
decreased 


85/40 


4.0 


Gloss 
decreased 


o 




3 


87/50 


3.5 


Gloss 
decreased 


84/35 


3.9 


Gloss 
decreased 


O 
O 




3 


85/53 


3.3 


Gloss 
decreased 


85/38 


4.0 


Gloss 
decreased 


4 


VR60 


3 


87/56 


3.1 


Gloss 
decreased 


85/41 


4.1 


Gloss 
decreased 


5 


EP-F101A 


3 


86/52 


3.4 


Gloss 

UCvl COgCU 


85/40 


4.0 


Gloss 
decreased 


6 


BL-S 


3 


86/50 


2.9 


Gloss 
decreased 


86/39 


3.8 


Gloss 
decreased 


\ 7 


BR-77 


3 


88/55 


3.0 


Gloss 
decreased 


85/36 


4.2 


Gloss 
decreased 


8 


GP-400 


3 


88/50 


3.1 


Gloss 
decreased 


84/41 


4.0 

j 


decreased 


9 


GP-500 


3 


88/55 


3.2 


Gloss 
decreased 


85/40 


4.3 


Gloss 
decreased 


10 


AR201 


3 


86/50 


3.4 


Gloss 
decreased 


84/39 


4.5 


Gloss 
decreased 


11 


P-LG 


3 


87/54 


3.0 


Gloss 
decreased 


87/40 


3.9 


Gloss 
decreased 


12 


A4100 


3 


87/51 


3.0 


Gloss 
decreased 


86/36 


3.9 

j 


Gloss 
decreased 



<s Table 7 



Coating film properties (GO- specular gloss, gloss-maintaining ratio, colo. resistance) of the m- 
mold containing composition by polyester resin NOVADUR 501 0R5 j 


Molding material 
base 501 0R5 


Amount 
(wt%) 


Example 1 


I 


Example 2 








Gloss/Gloss 
-maintain- 
ing ratio 


Color dif- ! Solvent 
ference j resistance 


Gloss/Gloss- j 
maintaining 
ratio 


Color dif- 
ference 


Solvent 
resistance 


1 


Not added 




87/74 


1 .8 j No change 


88/72 


1.9 


No change 


2 


SMA2625 


3 


89/75 


1.6 I No change 


85/70 


2.0 


No change 


3 


N2060 


3 


87/73 


1.7 ! No change 


87/73 


1.8 


No change 
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Table 8 



5 


Coating film properties (60° specular gloss, gloss-maintaining ratio, color difference, solvent resistance) of the in- 
mold containing composition by polyester resin NOVADUR 5010R5 




Molding material 
base 501 0R5 


Amount 
(wt%) 


Comparative Example 1 


Comparative Example 2 


10 






Gloss/Gloss- 
maintaining 
ratio 


Color dif- 
ference 


Solvent 
| resistance 


Gloss/Gloss- I 
maintaining j 
ratio | 


Color dif- 
ference 


Solvent 
resistance 


15 


1 


Not added 




88/55 


3.0 


Gloss 
j decreased 


87/41 


4.1 


Gloss 
decreased 




2 


SMA2625 


3 


86/54 


3.3 


Gloss 
! decreased 


86/40 


4.5 


Gloss 
decreased 


20 


3 


N2060 


3 


88/50 


3.3 


j Gloss 
i decreased 


87/37 j 


3.9 


Gloss 
decreased 



Examples 3 and 4 and Comparative Examples 3 to 7 

25 

As the injection molding apparatus and the mold, IS100 injection molding apparatus, manufactured by Toshiba 
Kikai K.K., was used, the cavity configuration was a box type of about 100mm in length x about 30mm in width x about 
10mm in depth with a wall thickness of 2mm. The mold was closed, and clamping of the mold was carried out with a 
mold clamping force of 100 ton! While maintaining the mold clamping force, the thermoplastic resin molding material 

30 (containing no modified resin) as identified in Table 9. was melted and injected by the injection molding machine into 
the mold cavity at a moid temperature of 120°C, under an injection pressure of 800 kgf/cm 2 in Example 3 and in Com- 
parative Examples 3 to 5, or under an injection pressure of 1.000 kgf/cm 2 in Example 4 and in Comparative Examples 
6 and 7. The injection molding conditions were as shown in Table 9. 

When the pressure-maintaining step was completed, in Examples 3 and 4, the coating composition was injected 

35 under an injection pressure higher than the in-mold pressure without forming a space between the surface of the ther- 
moplastic resin molded product to be coated and the inner wall of the mold. The conditions were as follows. 

Mold temperature: 

40 Movable moid half: 120°C 

Fixed mold half: 120°C 
The amount of the coating composition: 3 cm 3 
Injection time: 1.5 seconds 
Curing time: 70 seconds 

45 After 70 seconds from the injection of the coating composition, the thermoplastic resin molded product was taken out 
from the mold to obtain a coated molded product having an average coating film thickness of 50|om. 

In Comparative Examples 3 to 7. in order to adjust the in-mold pressure immediately prior to the injection of the 
coating composition to a level of 0 kgf/cm 2 : 1. The pressure-maintaining pressure, the pressure-maintaining period of 
time or the timing for injecting the coating composition was changed to a form a space between the surface of the 

so molded product to be coated and the inner wall of the mold, and then the coating composition was injected into the 
space, or 2. The movable mold half was parted to form a space between the surface of the molded product to be coated 
and the inner wall of the mold, and then the coating composition was injected into the space, to form a coating film. 

After 70 seconds from the injection of the coating composition, the thermoplastic resin molded product was taken 
out. to obtain a coated molded product having an average coating film thickness of 50^m. 

55 The appearance, the adhesive property after immersion in warm water and the adhesive property after 1 .000 hours 
of SWOM of a such a coated molded product, were as shown in Table 9. Further, with respect to the appearance of the 
molded product, when the pressure-maintaining pressure was low, sink marks tended to form. 
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Table 9 



and coating film properties by 



IllllHTl) due to the Wf.7.»£ G" the in-mold pressure 



the in-mold coating composition 



10 



15 



20 



25 



30 



35 



AO 



45 



50 





Example 
3 


Example 
4 


Compar a- 

tivo 
Example 
3 


Compara- 
tive 
Example 
4 


Compara- 
tive 
Example 
5 


Compara- 
tive 
Example 
6 


Cotnpara- 

Example 
7 


Molding material 


1013C 


5010R5 


1013C 


1013C 


101 JC 




5010R5 


pressure- 
maintaining 
pressure 
(kgf/cm 2 ) 


400 


600 


400 


200 




600 


200 


Pressure- 
maintaining tine 
(sec.) 


JLU 


10 


10 


6 


6 


10 


6 


Timing of 
injection (sec.) 
•1 


0 


0 


0 


0 


30 


0 


0 


Mold movement 
(Jim) *2 


No 


NO 


100 


No 


NO 


100 


NO 


In-mold pressure 
(fcgf/cm 2 ) «3 


50 


90 


0 


0 


0 


0 


0 


Injection 
pressure 
(kgf/cm 2 ) *4 


280 


350 


70 




150 


80 


250 


Mold movement 


5 


10 


5 


0 


5 


5 


0 


<pn>) *5 
In-mold pressure 
(kgf/cm 2 ) «6 


60 


170 


0 


0 


0 


0 


0 


Appearance of 
coating film 


Normal 


Normal 


Normal 


Wrinkles 
partly 
formed 


Normal 


Normal 


Wrinkles 
partly 
formed 


Adhesive property 
after immersion 


100/100 


100/100 


95/100 


80/100 


90/100 


95/100 


80/100 


in warm water *7 
Adhesive property 
after 1,000 hrs. 
of SWOM 


100/100 


100/100 


98/100 


90/100 


80/100 


95/100 


97/100 



*1: 

*2: 
*3: 

*4 : 

*5: 
*6: 
*7 : 



rne txinc uiiv,** «.«.>. — - 

of the oressure maintaining step. ; ~ n 

»Ltllr or not the mold was moved immediately P»or to the "Oectxon. 

"ne in-mold pressure immediately prior to the xn 3 ectxon of the 

S'iSiSTSSiiS^ Pressure at the time of inline the 
^o^ov^l^eolately after the injection of the coatino composition. 
— USi^LSJS r/the e rc osscut peelin, 
lest after immersion in warm water (40-C for 200 hours) - 



ThB rnmoositi ons (oarts by weight) of the in-mold coating compositions used in the following Examples 5 to 8 and 
ComP^^ariTesTo ia Sg urethane (meth)acry.ate oligomers having aliphatic cyclic structures, were as 



55 shown in Table 10. 
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Table 10 



Component 


trxampie o 




wvJI I ipdl olive 






Example 8 


Urethane acrylate UA3 having a cyclic structure 


45.0 


_ 


45.0 


Urethane acrylate UA4 having a cyclic structure 


_ 


48.0 




Styrene monomer 


8.0 


6.0 


8.0 


Zinc stearate 


1.45 


1.45 


1.45 


Titanium dioxide 


45.0 


44.0 


45.0 


t-Butyl catechol 


0.05 


0.05 


0.05 


8% cobalt octylate 


0.5 


0.5 


0.5 


Total 


100.0 


100.0 


100.0 


Aliphatic polyisocyanate 


3.0 


0.5 


0 


t-Butyl peroxybenzoate 


2.0 


2.0 


2.0 



In Table 10, urethane acrylate UA3 having a cyclic structure is a urethane acrylate oligomer prepared from 666 
parts by weight of 3-isocyanatomethyl-3,5.5-trimethylcyclohexyl isocyanate. 240 parts by weight of 2,2-bis(4-hydroxy- 
cyclohexyl)propane and 244 parts by weight of 2-hydroxyethyl acrylate (molar ratio of 3:1 :4.1). 

Urethane acrylate UA4 having a cyclic structure is a urethane methacrylate oligomer prepared from 524 parts by 
weight of bis(4-isocyanatocyclohexyl)methane. 1.000 parts by weight of an ethylene oxide adduct (average molecular 
weight 1.000) of 2.2-bis(4-hydroxycyclohexyl)propane and 273 parts by weight of 2-hydroxyethyl methacrylate (molar 
ratio of 2:1:2.1). 

The aliphatic polyisocyanate is hexamethylene diisocyanate of a burette type. 

The thermoplastic resin molding material employed, was the same as used in the foregoing Examples 1 to 4 and 
Comparative Examples 1 to 7. 

Examples 5 and 6 and Comparative Example 8 

As the injection molding apparatus and the mold, IS100 injection molding apparatus, manufactured by Toshiba 
Kikai K.K., was employed. The cavity configuration was a box type of about 100 mm in length x about 30 mm in width 
x about 1 0 mm in depth, with a wall thickness of 2 mm. The mold was closed, and clamping of the mold was carried out 
with a mold clamping force of 100 tonf. While maintaining the clamping force, the above thermoplastic resin molding 
material or a thermoplastic resin molding material having a modified resin melt-kneaded thereto, was melted and 
injected by the injection molding machine into the mold cavity. The injection molding conditions were as follows. 

Mold temperature: 

Movable mold half: 120°C 
Fixed mold half: 120°C 

In the case where NOVAM ID 1013C was used 

Injection pressure: 800 kgf/cm 2 
Pressure-maintaining pressure: 400 kgf/cm 2 
Pressure-maintaining period of time: 10 seconds 

In the case wh ere NOVADUR 501 0R5 was used 

Injection pressure: 1,000 kgf/cm 2 
Pressure-maintaining pressure: 600 kgf/cm 2 
Pressure-maintaining period of time: 10 seconds 
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10 



15 



20 



in thp rase wh o"* innilon MB21 12 was used 

Injection pressure: 1 .000 kgf/cm 2 
Pressure-maintaining pressure: 500 kgf/cm 

mlfntaina the coating composition was injected under an injection pressure higher than ft. in-mo!d pr^sure wrth- 
mamtaing step, tne coaung _ , HaH -.-J. irt and the i nner wall of the mold. Whereas, in the case where lupilon 

out forming a •P«^^^ 8 ^ I KSSS5^^ p'essure-maintaing step, the mold clamping force was 
M ^ 21 25 rVTSSS SKnSbEiSrSid product and the inner wall of the mold, and the coating 
£S2^^££ 5S ™ S ~ the conditions for injection of the coating composition 

were as follows. 
Mold temperature: 

Movable mold half: 120°C 

Fixed mold half: 120°C 

The amount of the coating composition: 3 cm 

Injection time: 1 .5 seconds 

After tSS^iS St£>on of the coating composition, the thermoplastic : rssin mold* product was taken out 
irolhp moldto obtain a coated molded product having an average coating film thickness of 50 jim. 
' ° mo.ded P products were as shown in Tables 11 to 17. The methods for evaluating such 

properties were the same as in Examples 1 to 4 and Comparative Examples 1 to 7. 



25 



30 



35 



40 



45 



50 



55 
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Table 11 





Adhesive property of in-mo!d coating by polyamide resin NOVAMID 1013C 


5 


Molding material 
base1013C 


Amount 
(wt%) 


Example 5 


Example 6 


Comparative 
Example 8 




1 


Not added 


0 


1 00/100 


95/100 


0/100 


10 








100/100 


95/100 


0/100 


2 


SMA2625 


3 


100/100 
100/100 


100/100 
100/100 


0/100 
0/100 




3 


N2060 


3 


100/100 


100/100 


0/100 


15 








100/100 


100/100 


0/100 




4 


VR60 


o 
O 


lUU/lUU 

i nn/1 nn 

1 \J\J/ 1 uu 


1UU/1UU 

mn/mn 


n/1 nn 
U/ 1UU 

n/1 nn 


20 


5 


EP-F101A 


3 


100/100 


100/100 


0/100 








lUO/lUO 


1 UU/ i UU 


U/l UU 




6 


BL-S 


3 


100/100 
100/100 


100/100 

100/100 


0/100 
0/100 


25 


/ 




3 


100/100 
100/100 


100/100 
100/100 


0/100 
0/100 




8 


GP-400 


3 


100/100 


100/100 


0/100 


30 








1 00/1 00 


100/100 


0/1 00 




9 


GP-500 


3 


100/100 
100/100 


100/100 
100/100 


0/100 
0/100 




10 


AR201 


3 


100/100 


100/100 


0/100 


35 








100/100 


100/100 


0/100 




11 


P-LC 


3 


100/100 
100/100 


100/100 
100/100 


0/100 
0/100 


40 


12 


A4100 


3 


100/100 


100/100 


0/100 








100/100 


100/100 


0/100 



'Evaluation of adhesive property 

Upper result: Initial evaluation of adhesion 

Lower result: Evaluated after immersion in warm water of 40°C for 240 hours 

45 
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Table 12 



Adhesive property of in-mold coating by polyester resin (PTB resin) 
NOVADUR 5010R5 



Molding mate- 
ria! base 5010R5 


Amount 
(wt%) 


Example 5 


Example 6 


Comparative 
Example 8 


1 


Not added 




100/100 
100/100 


90/100 
95/100 


0/100 
0/100 


2 


SMA2625 


3 


100/100 
100/100 


100/100 
100/100 


0/100 
0/100 


3 


N2060 


3 


100/100 
100/100 


100/100 
100/100 


0/100 
I 0/100 



•Evaluation of adhesive property 

Upper result: Initial evaluation of adhesion 

Lower result: Evaluated after immersion in warm water of 40°C for 
hours 



Table 13 



| Adhesive property of in-mold coating by polyester resin 
(PC/PET resin) lupilon MB21 12 


type alloy 


Molding material 
baseMB2112 


Amount 
(wt%) 


Example 5 


Example 6 


Comparative 
Example 8 


1 


Not added 




100/100 
100/100 


100/100 
100/100 


0/100 
0/100 


2 


SMA2625 


3 


100/100 
100/100 


100/100 
100/100 


0/100 
0/100 


3 


N2060 


3 


100/100 
100/100 


100/100 
100/100 


0/100 
0/100 



•Evaluation of adhesive property 

Upper result: Initial evaluation of adhesion 

Lower result: Evaluated after immersion in warm water of 40°C for 240 
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Table 14 



Coating film properties (60° specular gloss, gloss-maintaining ratio, color difference, solvent resistance) of the in- 
mold coating composition by polyamide resin NOVAMID 1013C 


Molding material 
1013C 


Amount 
base (wt%) 


Example 5 


Example 6 






Gloss/Gloss 
-maintain- 
ing ratio 


Color dif- 
ference 


Solvent 
resistance 


(jilOSS/OlOSS 

-maintain- 
ing ratio 


ooior aiT- 
ference 


ooivern 
resistance 


1 


Not added 




88/95 


0.5 


No change 


86/90 


0.8 


No change 


2 


SMA2625 


3 


87/94 


0.5 


No change 


87/92 


0.8 


No change 


3 


N2060 


3 


86/97 


0.6 | No change 


83/93 


0.8 


No change 


4 


VR60 


3 


87/95 


0.5 No change 


85/91 


0.7 


No change 


5 


EP-F101A 


3 


87/95 


0.7 I No change 


83/92 


0.8 


No change 


6 


BL-S 


3 


89/95 


0.6 


No change 


88/91 


0.9 


No change 


7 


BR-77 


3 


88/96 


0.5 


No change 


86/90 


0.8 


No change 


8 


GP-400 


3 


87/95 


0.6 


No change 


87/91 


0.8 


No change 


9 


GP-500 


3 


88/94 


0.7 


No change 


87/92 


0.7 


No change 


10 


AR201 


3 


88/95 


0.6 


No change 


86/92 


0.8 


No change 


11 


P-LC 


3 


87/95 


0.5 


No change 


88/91 


0.8 


No change 


12 


A4100 


3 


89/92 


0.5 


No change 


86/90 0.9 

: 


No change 



Table 15 



Coating film properties (60° specuiar gloss, gloss-maintaining ratio, color difference, solvent resistance) 
of the in-mold coating composition by polyamide resin NOVAMID 1013C 


Molding material base 101 3C 


Amount (wt%) 


Comparative Example 8 






Gloss/Gloss- 
maintaining ratio 


Color 
difference 


Solvent resistance 


1 


Not added 




87/80 


1.5 


Gloss decreased 


2 


SMA2625 


3 


86/82 


1.4 


Gloss decreased 


3 


N2060 


3 


86/80 


1.5 


Gloss decreased 


4 


VR60 


3 


87/81 


1.5 


Gloss decreased 


5 


EP-F101A 


3 


88/82 


1.6 


Gloss decreased 


6 


BL-S 


3 


89/80 


1.5 


Gloss decreased 


7 


BR-77 


3 


86/80 


1.4 


Gloss decreased 


8 


GP-400 


3 


88/79 


1.5 


Gloss decreased 


9 


GP-500 


3 


88/78 


1.6 


Gloss decreased 


10 


AR201 


3 


85/81 


1.5 


Gloss decreased 


11 


P-LC 


3 


86/82 


1.5 


Gloss decreased 


12 


A4100 


3 


87/79 


1.6 


Gloss decreased 
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Table 16 



5 


Coating film properties (60* specular gloss, gloss-ma intaining ^« «^lS^ " 
mold coating composition by polyester resin NOVADUR 5010R5 




Molding material 
base 501 0R5 


Amount 
(wt%) 


Example 5 


Example 6 




10 






Gloss/Gloss j Color dif- j Solvent 
-maintain- j terence j resistance 
ing ratio 


Gloss/Gloss- | Color dif- 
maintaining j ference 
ratio j 


Solvent 
resistance 




1 


Not added 




87/95 . | 0.6 j No change 


88/89 0.9 


No change 


15 


2 


SMA2625 


3 


89/95 0.5 j No change 


87/91 1.1 


No change 


3 


N2060 


3 


87/95 0.7 j No change 


87/90 1.1 


No change 



20 
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Table 17 



Coating film properties (60* specular gloss, 

of the in-mold coating composition by polyester resin NOVADUR 5010R5 


Molding material base 501 0R5 


Amount (wt%) 


Com 


parative Example 8 






Gloss/Gloss- 
maintaining ratio 


Color I Solvent resistance 
difference j 


1 


Not added 




88/82 


1 .3 j Gloss decreased 


2 


SMA2625 


3 


88/81 


1 .3 | Gloss decreased 


3 


N2060 


3 


86/83 


1 .5 | Gloss decreased 



35 



40 



45 



Examples 7 and 8 and Comparative Examples 9 to 13 

As the injection molding apparatus and the mold. 1S1 00 injection molding apparatus manufactured by Tc^iba Wkai 

10 fln w n thp inieetion moldinq conditions were as shown in Table 18. . . 

^£e iSSS prisure-maiotaining step, in Examples 7 and 8. the coating composrton washed 
undeTan Son pressure higher than the in-mo.d pressure without forming a space between the surface of the ther- 
SaSc rS mowed product to be coated and the inner wai. of the mold. The cond,t,on S were as follows. 

Mold temperature: 

Movable mold half: 120°C 
Fixed mold half: 120°C 
55 The amount of the coating composition: 3 cm 
Injection time: 1.5 seconds 

After 70 secondsTr^ ^ntection of the coating composition, the thermoplastic resin maided product was taken out 
torn the rSS to obtain a coated molded product having an average coating film th,ckness of SO^m. 
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In Comparative Examples 9 to 13. in order to bring the in-mold pressure immediately prior to the injection of the 
coating composition to a level of 0 kgf/cm 2 : 1. The pressure-maintaining pressure, the pressure-maintaining period of 
time or the timing for injection of the coating composition was changed to a form a space between the surface of the 
molded product to be coated and the inner wall of the mold, and then the coating composition was injected into the 
5 space, or 2. The movable mold half was parted to form a space between the surface of the molded product to be coated 
and the inner wall of the mold, and then the coating composition was injected into the space, to form a coating film. 

After 70 seconds from injection of the coating composition, the thermoplastic resin molded product was taken out 
from the mold to obtain a coated molded product having an average coating film thickness of 50nm. 

The appearance of the coating film, the adhesion property after immersion in warm water and the adhesion prop- 
io erty after 1 .000 hours of SWOM of such a coated molded product were as shown in Table 18. Further, with respect to 
the appearance of the molded product, sink marks tended to form when the pressure-maintaining pressure was low. 
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Table 18 

Appearance ^.^M.T^" in 
coating composition (Example u 
the in-mold pressure 





Example 
7 


Example 
8 


Compara- 
tive 
Example 
8 


Compare- 
t ive 

LXaiupi c 

10 


Coropara- | 

tive 
Example 1 
11 | 


Compara- 
tive 
Example 
12 


Compara- 
tive 
Example 
13 


Hold ing material 


1013C 


5010R5 


1013C 


1013C 


1013C 


5010R5 




pressure- 
mj* i ntai ning tine 
(kgf/cm 2 ) 


400 


600 


400 


200 | 


200 


600 


200 


pressure— 
maintaining time 
(sec. ) 


10 


10 


10 


6 


6 


10 


© 


Timing of 
injection (sec.) 


0 


0 


0 


0 


30 


0 


0 


Mold movement 
(H«) * 2 


No 


No 


100 


NO 


NO J 


100 


No 


in-mold pressure 
. (kgf/cm 2 ) *3 


50 


90 


0 


0 


0 


0 


0 


injection 
(kgf/cm 2 ) *4 


280 


350 


70 


230 


150 


80 


250 


Hold movement 
(um) *S 


5 


10 


5 


0 


5 


5 


0 


In-mold pressure 
(Kgf/cm 2 ) «6 


60 


170 


0 


0 


0 


0 


0 


Appearance of 
coating film 


Normal 


Normal 


Hormal 


Wrinkles 
partly 
formed 


Normal 


1 Normal 


Wrinkles 
partly 
formed 


Adhesion property 
after immersion 
in warm water *1 


100/100 


100/100 


95/100 


80/100 


90/100 


95/10 0 


80/100 


Adhesion property 
after 1,000 hrs. 
of SWOM 


100/100 


| 100/100 


98/100 


90/100 


80/100 


95/100 


97/100 
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*1: The time until the coating composition is 
injected after completion of the pressure 
maintaining. 

5 *2: Whether or not the mold was moved immediately 

prior to the injection. 
*3: The in-mold pressure immediately prior to the 

injection of the coating composition. 
*4: The maximum injection pressure at the time of 
10 injecting the coating composition . 

*5; Mold movement immediately after the injection 

of the coating composition. 
*6: In-mold pressure immediately prior to the mold 
releasing. 

15 *7: The number of crosscut sections remaining by the 

2mm crosscut peeling test after immersion in warm 
water (40°C for 200 hours). 

20 



As described in the foregoing, according to the present invention, it is possible to form a single in-mold coating film 
which is excellent in the adhesive property, the appearance, the weather resistance and the solvent resistance and 
25 which has a function also as a top coating applicable to automobile exterior plates or outdoor applications such as exte- 
rior parts, without necessity to apply a coating step to a molded product with drawn from the mold. 

Claims 

30 1. A method of in-mold coating, comprising steps of injecting a melt of a thermoplastic resin molding material into a 
cavity of a mold, followed by molding, to form a molded product, then injecting a coating composition between the 
molded product and the inner wall of the mold, followed by curing the coating composition, to form a coated molded 
product, and withdrawing the coated molded product from the mold, wherein said coating composition comprises: 

35 (A) a vehicle component comprising (i) a urethane acrylate oligomer or a urethane methacrylate oligomer, 

which is a reaction product containing no substantial unreacted isocyanate groups, of (a) an organic polyiso- 
cyanate. (b) an organic polyol and (c) a hydroxyalkyl acrylate or a hydroxyalkyl methacrylate, and (ii) a polym- 
erizable unsaturated monomer, 
(B) a polyisocyanate compound, and 

40 (C) a polymerization initiator. 

2. A method of in-mold coating, comprising steps of injecting a melt of a thermoplastic resin molding material into a 
cavity of a mold, followed by molding, to form a molded product, then injecting a coating composition between the 
molded product and the inner wall of the mold, followed by curing the coating composition, to form a coated molded 

45 product, and withdrawing the coated molded product from the mold, wherein said coating composition comprises: 

(A) a vehicle component comprising (i) a urethane acrylate oligomer or a urethane methacrylate oligomer of 
the formula (I): 

so RsO-fCONHR! NHCO-OR 2 O) m C0NHR 1 NHCO-OR 3 (I) 

wherein m is an integer of from 1 to 10. R-i is a moiety having isocyanate groups removed from a diisocyanate 
compound. R 2 is a moiety having hydroxyl groups removed from a diol compound, and at least one of R<| and 
R 2 has an aliphatic cyclic structure, and R 3 is a moiety having a hydroxyl group removed from a hydroxy! group- 
55 containing acrylate or methacrylate, and (ii) a polymerizable unsaturated monomer, 

(B) a polyisocyanate compound, and 

(C) a polymerization initiator. 

3. The method of in-mold coating according to Claim 1 or 2, wherein the coating composition comprises: 
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10 



15 6. 



20 



25 8. 



30 



35 



40 
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monomer, . 
IB) from 1 to 1 0 parts by weight of the polyisocyanate compound, anq 
(C) from 0.1 to 5 parts by weight of the polymerization in.t.ator. 

. n . im . < to 3 wherein the thermoplastic resin molding 

m a polyester resin and a polyester reset type alloy matenal. 

^ ^4 riaimc 1 to 4. wherein the thermoplastic resin molding 

pound. 

Themethod of in-mo,d coating according to Cairn 5. ^•.^W^**>*^**~ 
of the polyisocyanate compound are carboxyl groups or hydroxy! groups. 

The method of in-mo.d coating according to any ^^c^Xg^ 

under such a condition that the in-rnold pressure P ^J^^f^SScTesin molding material comprises 

the mold cavity is 0<Ps SOOkgf/cm* (gauge resin type alloy materia. 

* mpTg\^ ^ 3 *~ r6Sin ^ 

SoTSial Comprising a polyester resin and a crystalline thermoplastc res,n. 

^methodofin-n.ldcoa^nga^rdingt™ 
rial comprising at least one 

comprising a polyam.de resin and an ^^^^^^JIZ the mold cavity, followed by mold- 

whereupon the coating composition is injected into the space. 

9 . ^n^oMr^eoaWa^ingto^-^ 

molding material oornprisingaptfyamde^^^ t ^ nan!) „ amorpnous 

mermoplastie resin, .a^a polype, S'S'^rfZoS Uprising arixed mold haH and a mov- 

««« ™* of r laims 5 to 9 wherein the resin having functional groups 

,o - irr^yS^ 

groups, with a molecular weight of from 1 .000 to 2.000. 

. „_ rtf riaimi 5 to 9 wherein the resin having functional groups 

Sr^Sie copolymer having oarboxyl groups, with a moleoula, weight ol front 1.000 to 2.000. 
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(54) Method of in-mold coating 

(57) A method of in-mold coating, comprising steps 
of injecting a melt of a thermoplastic resin molding 
material into a cavity of a mold, followed by molding, to 
form a molded product, then injecting a coating compo- 
sition between the molded product and the inner wall of 
the mold, followed by curing the coating composition, to 
form a coated molded product, and withdrawing the 
coated molded product from the mold, wherein said 
coating composition comprises: 

(A) a vehicle component comprising (i) a urethane 
acrylate oligomer or a urethane methacrylate oli- 
gomer, which is a reaction product containing no 
substantial unreacted isocyanate groups, of (a) an 
organic polyisocyanate, (b) an organic polyol and 
(c) a hydroxyalkyl acrylate or a hydroxyalkyl meth- 
acrylate, and (ii) a polymerizable unsaturated mon- 
omer, 

(B) a polyisocyanate compound, and 

(C) a polymerization initiator 
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